Neutropenia lasting for at least for 3 months and not attributable to drugs or a specific genetic, infectious, inflammatory, autoimmune or malignant cause is called chronic idiopathic neutropenia (CIN). CIN and autoimmune neutropenia (AIN) are very similar and overlapping conditions. The clinical consequences depend upon the severity of neutropenia, but it is not considered a premalignant condition.
INTRODUCTION
Neutropenia lasting for at least 3 months and not attributable to drugs or a specific genetic, infectious, inflammatory, autoimmune or malignant cause is called chronic idiopathic neutropenia (CIN). CIN and autoimmune neutropenia (AIN) are very similar and overlapping conditions. The clinical consequences depend upon the severity of neutropenia, but it is not considered a premalignant condition.
DEFINITIONS
Neutropenia is usually defined as an absolute neutrophil count (ANC) in the blood that is less than 1.5 Â 10 9 /l [1 & ]. In some ethnic groups, specifically persons of African heritage and some Middle Eastern groups, the level that should be regarded as normal is lower, that is 0.8-1.0 Â 10 9 /l [2,3 & ]. Neutropenia is deemed 'severe' and 'chronic' when the counts are less than 0.5 Â 10 9 /l on at least three occasions in a 3-month period. It is called 'idiopathic' when it cannot be attributed to a drug, and there is no definable genetic, infectious, inflammatory, autoimmune or malignant cause [4, 5] . Thus CIN is a diagnosis made by exclusion of other causes. There is also overlap of patients with the diagnosis of CIN and 'AIN', because it is difficult to accurately detect circulating antibodies directed toward antigens present on the surface of neutrophils, and clinical interpretation of the antineutrophil antibody test result is also difficult [6, 7] . This report summarizes the recent literature on CIN and AIN and presents observations from the Severe Chronic Neutropenia International Registry (SCNIR) on these conditions [8] . Several reviews and commentaries on the diagnosis and treatment of chronic neutropenia in children and adults have been published recently [9 & ,10 & ,11 -14] .
EPIDEMIOLOGY CIN and AIN are rare conditions, but they are a common cause for selective neutropenia, that is diseases with neutropenia as their primary hematological abnormality, in both children and adults. For this reason, these conditions are also referred to as 'primary' or 'isolated' neutropenia [15 && ]. In a US study of the prevalence of neutropenia, 4.5% of black participants, 0.84% of white participants and 0.44% of Mexican Americans had ANC of 1.5 Â 10 9 /l [16] . In Denmark, a recent study using a national health services database for 370 000 individuals found that approximately 1% of this population had neutrophil counts less than 1.5 Â 10 9 /l [17 && ]. In this study, most commonly recognized causes of neutropenia were viral infections (including HIV) and hematological malignancies. The prevalence of chronic neutropenia was 0.12%, and only two cases of probable CIN (approximately 5 million) were identified. In an earlier study in Crete, the prevalence of neutropenia (ANC > 0.6-1.7 Â 10 9 /l) was 1.4%, and no cases of severe neutropenia were observed in 778 adults [18] . For Washington state, USA, the estimated adult prevalence of severe chronic neutropenia is about five cases per million (Dale, unpublished data) . In children, acute neutropenia with viral infections is commonly observed and chronic AIN is also a relatively common entity. The duration of childhood AIN is quite variable but often remits. Previous reports indicate that it usually lasts until about age 3-5 years with an average duration of 17 months [19,20,21 & ,22] . In adults CIN and AIN usually do not remit, but counts remain relatively stable for many years in most patients [4,5,15 && ]. In adults, there is a striking female predominance of CIN and AIN with the female-to-male ratio estimated to be as high as 8 : 1 [4] . By contrast, in children the female-to-male ratio is lower [4,5,15 && ,22], and there are other features which indicate that idiopathic and AIN in children, and adults are distinct entities (see below) [19,20,21 & ,22]. Figure 1 illustrates the age at the time of diagnosis and sex for 501 patients with CIN or AIN enrolled in the SCNIR [8] . This histogram shows an early childhood peak in onset and then a long tail, with female predominance. Based on the shape of this curve, we divided data summaries in this report into patients diagnosed before and after age 10 years. However, there is little difference if the values are divided at age 18, the conventional age break for pediatric and adult populations.
DIAGNOSIS
The diagnosis of CIN or AIN is often suggested by a routine blood count revealing a low ANC. Diagnosis depends on the physical examination and more extensive laboratory testing to exclude other diseases. In young children, congenital anomalies suggest a genetic cause for the neutropenia, and in both children and adults generalized enlargement of lymph nodes, hepatomegaly or splenomegaly are unusual findings in CIN or AIN. The examination of the joints is usually unremarkable in CIN or AIN, and the finding of arthritis with or without deformity suggests another diagnosis such as concomitant osteoarthritis or an autoimmune disease, for example rheumatoid arthritis including Felty syndrome, systemic lupus erythematosus, or Sjögrens syndrome. Patients with these diseases very rarely present solely with neutropenia, and severe neutropenia is rarely seen as a feature of these diseases except in Felty syndrome. The diagnosis of autoimmune disorders is supported by testing for antinuclear antibodies with a reflexive panel of secondary antibody tests. These tests help to secure a diagnosis of one of the autoimmune disorders mentioned above, but some patients with CIN and AIN also have positive tests for autoantibodies (see below).
In patients with CIN and AIN, the total white blood cell count is usually reduced but the absolute counts for monocytes, eosinophils and basophils are normal [4,5,15 && ]. In the absence of active infection or inflammation, the hematocrit/hemoglobin and platelet count are also usually normal or only
KEY POINTS
Chronic idiopathic and autoimmune neutropenia are the most common cause for chronic neutropenia in children and adults.
Most evidence suggests that these conditions are due to immune mechanisms impairing neutrophil production in the bone marrow.
Granulocyte colony-stimulating factor is an effective chronic therapy treatment in doses much lower than those for prevention of chemotherapy induced neutropenia.
moderately reduced. Lymphocyte numbers (the absolute lymphocyte count) may be slightly reduced but are usually within the normal range [15 && ]. The circumstances of the white blood cell counts are also important, because fever, inflammation or infection are often associated with a temporary increase in the ANC and decrease in the absolute lymphocyte and monocyte counts.
It is also important to note that patients with cytopenias involving two or more cell lines, that is neutropenia and thrombocytopenia or neutropenia and anemia, should be investigated for the possibility of idiopathic thrombocytopenic purpura, autoimmune hemolytic anemia or clonal or malignant hematological disorder. The diagnosis of idiopathic or AIN should not be applied to patients with these conditions or to patients with drug-induced neutropenia, chronic neutropenia after cancer chemotherapy or neutropenia caused by prolonged immunosuppressive or disease-modifying agents [23] . This is important because the prognosis for these conditions differs significantly from CIN and AIN. At present, there is no clear evidence that patients with CIN or AIN progress to develop other autoimmune disorders, but there may be yet undiscovered relationships.
The French Chronic Neutropenia Registry recently reported on 108 adult patients, 79% women, with chronic primary neutropenia with ANC less than 1.0 Â 10 9 /l. The median age at diagnosis was 28.3 years (range 21.5-39.9 years) [15 && ]. The median ANC was 0.41, range 0.29-0.65. Thirty-four patients had lymphocytopenia, eight had monocytopenia and five had monocytosis, but monocytopenia and lymphocytopenia were found concomitantly in only four patients. More complete information about blood counts for patients with CIN and AIN in the SCNIR is shown in Table 1 . In the French report the diagnosis was usually made fortuitously (62%); others had aphthous stomatitis (10%) or infections (23%) leading to the diagnosis. Overall, recurrent aphthous stomatitis was observed in 45% of the patients. Sixty percent of the patients reported a history of bacterial infections, 15 had at least one episode of severe bacterial infection. Only one fungal infection, an Aspergillus infection, was observed in a patient after treatment with antithymocyte globulin, cyclosporine and methylprednisolone [15 && ]. Overall, however, there was a paucity of serious infections in this population, and the patients with the lowest ANCs appeared to be at greatest risk. In the SCNIR, which enrolls patients with lower ANCs, there was a somewhat greater frequency of infections, including more serious infections (Table 2) .
In patients with presumed CIN or AIN, diagnostic testing serves to exclude infectious and malignant diseases as a cause for neutropenia and to confirm the clinical impression of an autoimmune disease mechanism. In the French series, bone marrow aspirates were performed in about one-third of the patients [15 && ]. Results were normal in 34%; 31% showed late maturation arrest, 15% had granulocytic hypoplasia, 20% had increased cellularity. All cytogenetic analyses were normal. In the French study, the ANCs and clinical outcomes could not be directly related to these bone marrow findings.
DISEASE MECHANISMS
Most investigations of the mechanisms for CIN and AIN have focused on autoimmunity and aberrant Tcell functions. In children with chronic neutropenia, the diagnosis of AIN versus CIN usually is based on results of measuring circulating antineutrophil antibodies [19, 20] . The International Granulocyte Immunology Workshops recommend using both the granulocyte immunofluorescence test (GIFT) and the granulocyte agglutination test because of the frequency of false positive results. A recent study of 157 pediatric patients with AIN from the Italian Neutropenia Registry (median age at onset was 0.7 years) reported results of immunological testing and bone marrow examinations in patients with AIN with a primary diagnosis based on clinical presentation and subsequent resolution of neutropenia [24 && ]. The bone marrows in 52 of 54 patients were normal; only two showed a moderate decrease in myeloid cellularity. The GIFT performed in three laboratories showed a sensitivity of 62% with a single assay; repeat assay showed 82% were positive.
Using data from the SCNIR, Boxer et al. [21 & ] recently reported that antibody testing is not helpful in predicting outcomes in children with the diagnosis of AIN or CIN. Outcomes were the same for children with either positive or negative tests. Boxer et al. also described a few cases in which children with severe congenital neutropenia were first tested for antineutrophil antibodies. When these tests were positive, the diagnosis of AIN was assigned, but when the neutropenia did not remit and the patients developed severe infections, genetic studies revealed that they had severe congenital neutropenia due to mutations in ELANE. Vu et al. [25] recently reported a similar case of misdiagnosis. It is important to recognize that misdiagnosis is a potential adverse outcome of antibody testing.
In adults, the value of the GIFT and the granulocyte agglutination test is less certain. The recently reported French series excluded patients with rheumatoid arthritis, systemic lupus erythematosus, Sjögrens syndrome and the large granular lymphocyte syndrome [15 && ]. In this series, antineutrophil antibody tests were positive in 35% (23 of 66 patients) and 47% (39 of 83 patients) had positive tests for autoantibodies other than neutrophil antibodies. The percentages of positive results were antinuclear antibodies 24%, anti-neutrophil cytoplastmic antibody 17%, rheumatoid factor 15% and antidsDNA 14%. Clonal rearrangement of T-cell ] have also recently reported a high frequency of thyroid disorders in patients with chronic neutropenia. In this report, 218 consecutive neutropenic patients were prospectively evaluated with thyroid tests and tests to detect clonal T-cell disorders. Among these patients, 95 (44%) had some evidence of thyroid disease.
A series of studies from Crete indicate that neutropenia in adults with CIN is attributable to apoptosis of developing neutrophils in the bone marrow mediated through activated T lymphocytes and excessive production of proinflammatory, myelosuppressive cytokines. In studies of 54 CIN patients, Koumaki et al. found increased levels of IL-1b, TNFa, IL-6 and transforming growth factor-beta 1 and decreased levels of IL-10 in bone marrow culture supernatants compared with 30 healthy volunteers. In subsequent studies, transforming growth factorbeta-1 levels were particularly high in some patients [27] . Damianaki et al. [28 & ] recently reported investigations in 91 CIN patients demonstrating the presence of small numbers of paroxysmal nocturnal hemoglobinuria type clones in these patients using flow cytometry. Cumulatively this work suggests that CIN is an immune-mediated bone marrow failure syndrome that impairs normal production of neutrophils in the bone marrow [29] .
Neutropenia in patients with the large granular lymphocyte syndrome is associated with similar findings, and probably has the same basic mechanisms, except there is a recognized population of lymphocytes producing these myelosuppressive cytokines [30, 31] .
GENETIC TESTING
Understanding of the genetic mechanisms for severe chronic neutropenia is still unfolding. In the French series sequencing was done for some patients, all with negative results; ELANE (55 patients), GATA2 (12 patients) and CXCR4 (eight patients). At present, it is assumed that AIN and severe congenital neutropenia are distinct and not overlapping entities, but more data are necessary to confirm this hypothesis. A recent study from Taiwan examined the association of granulocyte specific autoantibodies and human leukocyte antigen subtypes [32] . In this study of young children (mean age at onset 9.8 months), 74% had antibodies against human neutrophil antigen-1a (HNA-1a). There was a significant association of HLA-DQB1Ã0503 and positive test for neutrophil directed antibodies (odds ratio, 6.48; P ¼ 0.0002).
TREATMENT
For many years, there was no effective treatment for neutropenia; the mainstays of care were good hygiene, observation for early signs of infection and treatment with antibiotics when infections occur. A randomized, controlled trial of granulocyte colony stimulating factor (G-CSF) for treatment of severe chronic neutropenia, including 42 patients with CIN, established G-CSF as an effective therapy for this condition [33] . In this study, marrow aspirate comparisons showed a significant increase in postmitotic marrow neutrophils, the postmitotic to mitotic ratio for myeloid cells and an increase in the myeloid to erythroid ratio. There was a decrease in infection-related events and antibiotic use in treated patients. Numerous subsequent studies confirm the effectiveness of G-CSF to increase blood neutrophils in CIN and AIN.
In the recently reported French study, 50 of 108 were treated with G-CSF, 24 regularly and 26 sporadically. The median G-CSF dose was 4.5 mg/kg/ G-CSF, granulocyte colony stimulating factor. a If treatment was not given daily, the total weekly dose was divided by seven to arrive at the daily dose. to 2.06 Â 10 9 /l. Table 3 shows the doses and exposures for G-CSF treatment of patients in the SCNIR, with the doses expressed in mg/kg/day. Almost all patients took G-CSF daily, every other day or three times per week to smooth the exposure and to minimize adverse effects, principally bone pain, headache and aching symptoms; doses were calculated as total dose per week divided by seven.
Pretreatment was a predictable pattern of infections; most commonly these patients have respiratory infections, periodontal disease and mouth ulcers and skin infections ( Table 2 ). Severe infections were rare, the most common probably being pneumonia. With treatment, there is subjectively a sense of improved wellbeing, fewer of the common problems and substantially fewer severe infections ( Table 2) .
The patterns of infections and inflammatory symptoms vary considerably from patient to patient. Many patients with CIN and AIN have mild-to-moderate neutropenia and few infections, and some patients even with more severe neutropenia do well. It is the consensus of most expert clinicians to be guided by the patient's history, rather than simply their blood counts in deciding whether or not to treat with G-CSF. Other treatments such as splenectomy, corticosteroids, androgens, and immunosuppressive and immune modulating therapies are not recommended, unless the patient fails to respond to G-CSF. In the SCNIR database, 48 CIN/AIN patients reported treatment with another agent before G-CSF (corticosteroids 30, gamma globulin 15, methotrexate 5, cyclosporine 3 and other agents 3), and almost all these treatments were stopped soon after the patient began G-CSF and not resumed. The French report concluded that 'other treatments (mainly methylprednisolone, cyclophosphamide and methotrexate) were effective in less than half of the patients, and relapses were observed at treatment with all in nearly all patients' [15 && ]. Thus, immunosuppressive therapy should only be proposed for symptomatic patients who have failed G-CSF.
ADVERSE EFFECTS OF GRANULOCYTE COLONY STIMULATING FACTOR IN CHRONIC IDIOPATHIC NEUTROPENIA AND AUTOIMMUNE NEUTROPENIA
Most patients readily comply with long-term treatment with G-CSF, administered daily or several times per week in a dose sufficient to maintain an ANC in the low-normal range. Very few patients find the adverse effects sufficiently severe to warrant discontinuing treatment. As a stimulant to myeloid cell proliferation, there have long been concerns about G-CSF causing myeloid malignancies. Fattizzo et al. reported on 76 patients with chronic neutropenia (49 with CIN, 27 with AIN, mediated age 56 years, median neutrophils 1.1 Â 10 9 /l). They observed five cases of natural killer cell expansion, four cases of hairy cell leukemia and three cases of myelodysplasia over a 5-year period [34 & ]. In the French series, there were no secondary hematological malignancies. Data for 501 CIN and AIN patients reporting to the North American office of the SCNIR and exposed to G-CSF for an average treatment period of 6.3 years or for total patient exposure of approximately 3100 patient-years revealed two patients developed hematological malignancies. In brief, the cases were as follows:
Patient 1 was a 21-year-old women initially diagnosed with CIN in 2004 at the age of 18. At the time of enrollment in the SCNIR, her bone marrow showed 'left shifted' in the myeloid series and flow cytometry revealed lymphocytosis with T-cell predominance. She was treated with G-CSF at 3.5 mg/kg/day for 3 years until she developed a Staphylococcus aureus infection, pneumonia, sepsis and died. The autopsy revealed a T-cell lymphoproliferative process involving the bone marrow, spleen and lymph nodes.
Patient 2 was a 66-year-old woman diagnosed with CIN in 1998 at the age of 50. She started on G-CSF in 2001 at 0.5 mg/kg/day and was treated for 5 years with G-CSF in doses ranging from 0.7 to 0.16 mg/kg/day. G-CSF was discontinued at age 59, because her neutropenia had resolved. Six years later, at age 65, she was diagnosed with acute myelomonocytic leukemia AML-M4.
PREGNANCY
Three observational studies recently reported outcomes associated with the administration of G-CSF to pregnant women, the majority having CIN: in one study of 107 women reporting on 224 pregnancies, treatment with G-CSF (median dose 1.0 mg/kg/ day) in spontaneous terminations or preterm labors, and a suggestion of benefit [35] . Adverse events in the neonates were similar for the two groups. Another study analyzing 38 pregnancies, 21 in women with CIN, also showed no differences in outcomes with or without treatment for the mothers or their newborns [36] . Transient profound neutropenia in infants born to women with CIN or AIN sometimes with severe infectious ramifications were also reported [35, 36] . Clinically this means that blood counts should be done at least a few times after birth in infants of mothers with CIN or AIN. If the neonate is severely neutropenic and there is concern about the risk of severe infections, G-CSF may be helpful in this specific setting [37] . A recently published, large, retrospective study of 348 neonatal ICUs with 30 705 neutropenic infants, 2142 treated with G-CSF (7%), showed that G-CSF shortened the time for hematological recovery but did not reduce secondary sepsis or death at 14 days compared with untreated infants [38 & ]. Thus the specific cause for neutropenia and other clinical factors should be considered in all cases.
CONCLUSION
CIN and AIN are the most common diagnosis in children and adults presenting with isolated or primary neutropenia. The diagnosis depends on the history of chronicity of the neutropenia and absence of evidence of other causes such as infectious, inflammatory or malignant diseases. In young children, it is estimated that about one/three will resolve spontaneously. In adults, remissions are very rare. G-CSF is the only predictably effective treatment, and should be reserved for patients with recurrent fevers and infections.
